Decreased spacing between the constituent vortices also produces increased rates of circulation and peak vorticity decay.
Introduction
The Figure 1 , or in other words, define the following functional relationships:
where "'profile" refers to the shape or type of vortex generator, M is the freestream or core Mach number of the flow, and Re is a Reynolds number.
In this experimental program the relationships in Eq. Figure 6 . Note that a portion of vortex no. 6 (and, to a smaller extent, no. 4) is also captured.
As discussed in References 11 and 18 crossplane grid resolution is dependent on the size of the viscous core. For axial locations upstream of the z = 6 chord crossplane, A0 = 1°and Ar = 1.3 mm is sufficient for an accurate assessment of circulation and peak vorticity.
For z > 6 chords, AO = 1.50 and Ar = 1.7 rnmis sufficient.
Experimental Results Figure   7 . In the crossplane plots of Figure 7 the contour plots of vorticity in Figure 7 . A path enclosing the region of core vorticity is defined. The outer boundary of the core is taken to be the location where streamwise vorticity is 1% of w "ha=. The circulation is then calculated according to:
where V is the velocity vector in the crossplane and 1 refers to the path coordinate. By using closed paths composed of line segments in the r or 0 coordina:e directions the circulation is easily determined. Un. _rtainty estimates for all vortex descriptors are given in Table 1 .
These are derived by combining the uncertainties in measured velocities and probe location in accordance with the procedure outlined by MoffaL 21
TJi_ interaction between the vortex and the turbulent pipe boundary layer is depicted with contour plots of primary velocity ratio, vz/ve=. These are the middle plots in Figure 7 . ve_ is the core velocity of the pipe and is listed in Table This array formation is termed "widely-spaced". The initial structure and development of the widely-spaced array is detailed in Reference 11.
The axial position at z = 1.000 chord is our reference crossplane due to the observation (from the widelyspaced array results) that the axial profile of_ "_°= peaks here. Figure 7a illustrates the measured domain of vortex no. 5 at z/c = 1.000. Vortex 5 is in close proximity to its near-neighbor, vortex 6, and the two counter-rotating vortices form an "upflow pair", i.e. the flow between vortices is directed away from the wall. The transverse secondary velocities are strongest in the radial coordinate in the region between the vortex cores. This differs from the structure observed for both isolated and widely-spaced array test cases where the strongest transverse velocity is circumferential and exists between the core and wall at zlc = 1.000.
The circulation results listed in Table 1 show that the shed vortices strengthen as the spacing between vortex generators is decreased. We believe this strengthening results from localized areas of flow accelerating and decelerating through and about the blockage created by the vortex generator array. A brief analysis is given below to support this statement It is also interesting to note that wmax _ r' at z/c = 1.000 for all three spacing test cases. In fact, in all parametric variations considered in this program TMts (with the exception of vortex generator aspect ratio) circulation and peak vorticity are related in this manner. 
Dimensional analysis (using elements of inviscid airfoil theory) relates the circulation to the static pressure differential AP maintained about the airfoil: 
where:
and SO: (12) The resulting pressure differential is likely to be much less severe than that predicted by Eq. the counter-rotating vortices also produces increased axial decay rates of circulation and peak vorticity.
